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& Hemofilter.

@ A hemodfiiter is disclosed for use in a continuous
arterio-venous hemodfiliration ("C.A.V.H.") having a
bundle of hollow fibers in which the lengths of the
particular fibers of the bundle are greatest for those
hollow fibers closest to the blood ports of the
hemofilter and, preferably, would continuously de-
crease in length and be least for those particular
fibers furthest from the blood ports. The fibers
would, preferably, be secured in a bundle to one
another by means of an epoxy resin, or similar
substance, which did not interfere with the passage
of blood through the holiow fibers of the system.
Heparin may be chemically bound to the hollow
fibers of the invention.

-'1::‘.1

8o

\
|/6Q

Xerox Copy Centre



1 EP 0 369 418 A2 2

HEMOFILTER

BACKGROUND OF THE INVENTION

Technical Field g_f Invention

The present invention relates generally to an
improved hemofilter for use in hemodialysis.

More particularly, the present invention relates
fo an improved hemofilter for use in continuous
arterio-venous hemofiltration ("C.A.V.H.") having a
substantially hexagonal configuration which, among
other benefits, minimizes the pressure drop of the
blood passing through the hollow fiber bundles of
the filter to thereby reduce the likelihood of clotting
within the hollow fibers of the hemofilter and, in
turn, reduce the patient's need for the drug heparin
during dialysis treatment.

Description o_f the Er_igl: Art

Heretofore, hemofilters known to the prior art
have generally been cylindrical in shape and hav-
ing of bundles of hollow fibers for filtration. More
specifically, the hemofilters currently used in
C.A.\V.H. were first designed for use on a dialysis
machine in combination with a blood pump. Such
filters, being cylindrical in geometry, have lengths
in the range of approximately 10 - 22 cm, with
relatively narrow widths in the range of 3.8 -4.5 cm.

Hemofilters of the prior art contain approxi-
mately 5,000 to 10,000 hollow fibers in a bundie.

The cylindrical geomeiry of the prior art has,
however, been found to be ill-suited for a pumpless
system such as C.A.V.H. The reasons for this in-
clude the fact that a long and narrow blood path
through the narrow fibers leads to a drop in the
perfusion pressure, which has been found to be
directly proportional to the length of the fibers and
inversely proportional to the fourth power of diam-
eter of the blood path. A pressure drop in the filter
leads to a drop in the blood flow rate, stagnation of
red blood cells and platlets and leads to clot forma-
tion. This can be partly overcome by using higher
doses of heparin. However, high doses of heparin
can lead to bleeding on the part of the patient.

It is further known in nephrology that a cooling
of fluid through a hemofilter leads to an increase in
fluid viscosity, which in turn leads to an increase in
flow drag and loss of kinetic energy by conversion
to heat. See, Keller, K. H., Fluid Mechanics and
Mass Transfer in Artificial Organs, Special Publica-
tion by Trasc. Amer. Soc. Art. Int. Organs, George-
town University Press (April 1973).
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The foregoing considerations are taken into
account and described by the so-called Reynold's
Number ("Re")

pub
M

Re =

wherein,
p = pressure within the tube;

u = flow volume through the tube;
D = inner diameter of the tube; and,
u = viscosity of the fluid within the tube.

The Reynold's Number should be maintained
as high as practical in order to attain maximum
efficiency of the hemofilter system.

While it should be theoretically possible to
further increase the efficiency of C.A.V.H. systems
by use of a streamline hemofilter that is shorter in
length and having an increased number of hollow
fibers, and thereby increase the Reynoid's Number
of the hemofilter system, in practice, it has been
found that blood entering the hemcofilter passes
more quickly and efficiently through the hollow
fibers closest to the inlet port and less efficiently
through those hollow fibers which are a greater
distance from the blood ports of the device. In
other words, the greater the distance that a particu-
lar hollow fiber is from the blood ports of the
hemofilter, the less efficient and effective is the
filtering process of the system with respect to such
fibers; blood having a tendency of seeking the
more centrally located fibers of the system.

There is a tendency of the blood to less readily
pass through fibers which are located away from
the blood ports of the hemofilter, which resulis in
clot formation and thereby obstructs the flow of
biood through those fibers and reduces the effi-
ciency of the filter. As may be noted from the
Reynold's Number formula, an increase in the inner
diameter of the tube ("D"), i.e., total number of
hollow fiber parts available for blood flow, would
beneficially increase the Reynold's number and
increase the efficiency of the hemofilter system.
The current hemcdfilters of cylindrical design, when
used in a horizontal position, have red cell and
platelet sedimentation in their dependent parts due
to gravity, and this places severe limitations upon
the extent to which presently known hemofilters
may have the inner diameters, and thereby their
efficiencies, increased.

SUMMARY OF THE INVENTION
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It is, therefore, an object of the present inven-.

tion to provide a hemofiiter wherein the inner diam-
eter of the filter may be increased as a means for
increases the efficiency of the filter.

It is a related object of the present invention to
provide a hemdfilter which significantly reduces or
eliminates the sedimentation effect known to occur
in conventional hemofilters by a reduction of the
tendency of blood passing through the hollow fi-
bers of the filter to be concentrated within fibers
located near the blood ports of the system.

It is a further object of the present invention to
provide a hemofilter which is relatively short in
length and may be provided with a substantially
greater number of hollow fibers.

It is an additional object of the present inven-
tion to provide an improved hemofilter which is
both economical to manufacture and utilize.

it is an additional object of the invention to
provide a hemofilter which overcomes the disad-
vantages of the prior art.

The foregoing and related objects are achieved
by a hemofilter having a bundle of hollow fibers in
which the lengths of the particular fibers of the
bundle are greatest for those hollow fibers closest
to the blood ports of the hemofilter and, preferably,
would continuously decrease in length and be least
for those particular fibers farthest from the blood
ports. The fibers would, preferably, be secured in a
bundle to one another by means of an epoxy resin,
preferentially at each end of the bundie, or similar
substance, which did not interfere with the passage
of blood through the hollow fibers of the system.
As will be further explained hereinafter, with refer-
ence to be made to the drawing figures, in a
vertical cross-section of the filter, the bundle of
hollow fibers would essentially have the shape of a
hexagon, while in horizontal cross-section, the
hemofilter of the present invention would be, pref-
erably, circular in shape. The filter of the invention
is, preferably, to be employed for use in a vertical
fashion, i.e., one or more biood ports of the
hemofilter are to be vertically positioned, and the
bundle of fibers is preferably contained in a dura-
ble casing, preferably, a hard transparent plastic.

The hemofilter of the present invention over-
comes the disadvantages of the prior art by permit-
ting a greater inner diameter and more holiow
fibers, as well as avoiding the effects of sedimenta-
tion, by effectively channelling some of the blood
passing through the filter to the outer-positioned
fibers, i.e., those located away from the blood
ports, because such fibers are both shorter and
commence at a point which is lower in height
(when the hemofilter of the invention is employed
in a vertical fashion) than longer, more centrally-
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located fibers. In essence, the tendency of blood to
pass through the centrally-located fibers, and ten-
dency to avoid outer-positioned fibers, are counter-
balanced against one another. By having a continu-
ous flow of blood through all hollow fibers in the
bundie of fibers comprising the hemofilter of the
present invention, the opportunity for clotting, or
other obstruction, is significantly reduced, if not
prevented.

it should further be noted that numerous other
geometrical shapes for the hemofilter of the
present invention are possible, wherein hollow fi-
bers being centrally located are longer and com-
mence at a higher point than outer-positioned fi-
bers. Ail such additional shapes, which employ the
foregoing concept are, of course, encompassed in
the present invention.

in addition, the hemofilter need not necessarily
be utilized in a vertical fashion. Appropriate modi-
fications regarding the positioning of the inventive
hemofilter are also possible. For instance, a multi-
channelled blood port, wherein the central channels
are narrowed and peripheral channels are wider,
will facilitate even distribution of blood flow to all
fibers.

The present invention will now be further de-
scribed with reference being made to the accom-
panying drawing figures. It should, of course, be
realized that the accompanying drawing figures il-
lustrate only a preferred embodiment of the
present invention and are not intended as a defini-
tion of the limits and scope thereof.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing, wherein similar reference nu-
merals denote similar features throughout the sev-
eral views:

FIG. 1 shows a vertical cross-sectional view
of the hemofilter of the present invention; and,

FIG. 2 shows a plan, cross-sectional view of
the hemofilter of FIG. 1.

DETAILED DESCRIPTION OF THE DRAWING
AND PREFERRED EMBODIMENT

Turning now, in detail, to a consideration of the
drawing figure, FIG. 1 shows a verticai cross-sec-
tion of hemofilter 10 of the present invention, hav-
ing hollow fibers 12 in a bundle. Holiow fibers 12
are held in a bundie, preferably be means of epoxy
resin headers 14 (which is not to interfere with the
passage of blood through the filter). The bundle of
hotlow fibers 12, in turn, is preferably contained in,
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for example, a hard, transparent plastic casing 15.
Casing 15, includes at least two blood ports,
though more may be used. In FIGS. 1 and 2, two
blood ports 16a, 16b, which are preferably posi-
tioned in a vertical fashion, are shown, In addition,
casing 15 may also include filtrate, or dialyzate
ports. FIGS. 1 and 2 show two horizontally-posi-
tioned filtrate or dialyzate poris 18z, 18b, which are
preferred, though not essential.

In a preferred embodiment of the invention, the
width, or inner diameter, of hollow fibers 12, within
casing 15, is preferably increased to approximately
five times that of the length. This would lead to the
use of a greaily increased number of hollow fibers
in the bundle (approximately from 10,000 to
1,000,000.) In hemoiilter 10 of the invention, which
is preferably intended to be used in a vertical
position, blood would enter from a top blood port
(16a) and exit from a bottom blood port (16b), the
blood flow being aided by gravity.

As discussed above, in hemofilters of the prior
art, blood would tend to find it easier to travel at
the center of the bundle, i.e., through centrally
located hollow fibers close to blood ports 16a, 16b.
To prevent this tendency, which causes a sedi-
mentation effect, the hollow fiber bundle length at
the center of the bundle is, preferably, maintained
at a dimension greater than, for example, 1.75
inches (4.45 cm). The hollow fibers located at the
periphery of the bundle should have the relatively
short length (for exampie, 0.75 inches, or 1.9 cm).

This geometry facilitates even distribution of
the blood flow through the bundle, both at iis
center and periphery. The bundle shape in vertical
cross-section can be roughly described as a hexa-
gon, though need not be completely symmetrical.

The transparent plastic casing 15, which en-
closes the bundle 12, also has a substantially hex-
agonal shape in cross-section (see, FIG. 1) and is
circular in a plan view (see, FIG. 2.)

When hemofilter 10 of the present invention is
used in a vertical position, with the blood entering
at the top and exiting at the bottom, stagnation of
blood is minimal and clotting is prevented. This
leads to the added advantage that a decreased
dosage of heparin would likely be required
(estimated to be an approximately 60 - 80% reduc-
tion in heparin dosage as compared to the hemofil-
ters of the prior art.)

As mentioned above two filtrate or dialyzate
ports (18a, 18b) may be provided at opposite ends
(i.e., opposite sides) of hemofilter 10 to facilitate
the entering and exiting of dialysis fluid or hemofil-
trate.

in a further preferred embodiment of the
hemofilter of the present invention, it is also desir-
able to provide a chemicai binding of heparin to the
inside of the hollow fibers of the invention, as well
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as to the inside of the plastic casing and epoxy
resin headers, which hold the fibers. The chemi-
cally binding of heparin, in such a manner, would
facilitate the more efficient movement of blood
through the hemofilter of the invention and further
reduce the heparin dosage requirement for the
patient, or altogether avoid heparin use.

Additionally because of the relatively small size
of the hemofilter of the invention, as compared to
prior art devices, it is possible to utilize the
hemofilter of the invention in an ambulatory setting
where the filter is on the person of the patient.
Because of the increased efficiency and decreased
clotting resulting from the present invention, the
hemofilter of the invention may not require chang-
ing for weeks, or even months.

It will be apparent to those of ordinary skill in
the art that numerous modifications and variations
may be made to the hemofilter of the present
invention. For example, the dimensions of the hol-

- low fiber bundle may, of course, be varied, i.e.,

pediatric, adolescent or adult; the number of fibers
in the bundle may be varied; the number of blood
ports and whether or not the hemofilter is to in-
clude one or more filtrate or dialyzate ports is also
dependent upon the desires and needs of the user.
In addition, materials other than an epoxy resin
may be used to bind the bundle of fibers to one
another.

Additionally, while a transparent plastic casing
for use in the hemofilter of the invention is pre-
ferred, virtually any type of inert casing, whether or
not transparent, and irrespective of whether the
same is made of plastic, may be employed.

Finally, by selecting different chemical com-
positions of the hollow fiber material, one can con-
struct a hemodialyzer, plasma-filter or a charcoal
filter embodying the same design principle, i.e., a
similar hexagonal shape in vertical cross-section
wherein the width of the fiber bundle is greater
than the length. Such further chemical composi-
tions of the hollow fiber material are generally
known to those skilled in the art and include, for
example, cuprammonium, cellulose acetate, or
modifications thereof. The pore size within the hol-
low fiber wall is different than in a hemofilter, for
example, the pore size in the case of a plasma-
filter is 0.2 - 2 microns, whereas in the
hemodialyzer the pore size is much smalier than in
a hemofilter.

Clalms

1. A hemofilter for use in a continuous arterio-
venous hemofiltration, comprising:
a plurality of hollow fibers of various iengths;
a casing for said plurality of hollow fibers, said



7 EP 0 369 418 A2 8

casing including a plurality of blood ports;

and,

means for securing said plurality of hollow fibers
into a bundle, said bundie being located within said
casing, said plurality of hollow fibers being grouped
in said bundle so that the lengths of said hollow
fibers of said bundie would be greatest for those
hollow fibers which were located within said bundle
nearest to said blood ports and least for said hol-
low fibers which were located farthest from said
blood ports.

2. The hemofilter according to Claim 1, whersin
said plurality of hollow fibers are grouped in said
bundle so that the lengths of said hollow fibers of
said bundle would be greatest for those hollow
fibers centrally located within said bundle and least
for said hollow fibers farthest from a central loca-
tion of said bundie.

3. The hemofilter according to Claim 2, wherein
the various lengths of said plurality of hollow fibers
within said bundle form a continuum of lengths
from said centrally located hollow fibers of said
bundle to said hollow fibers located farthest from
the central location of said bundle, whereby prefer-
ably said hollow fibers centrally located in said
bundie have a fiber length of approximately 4.5cm
and whereby preferably said hollow fibers located
furthest from the central location of said bundle of
said plurality of hollow fibers have a fiber length of
approximately 1.9cm.

4, The hemofilter according to Claim 1, wherein
said casing is made of a transparent plastic.

5. The hemofilter according to Claim 1, wherein
said plurality of blood ports of said casing includes
two blood ports vertically positioned on top and
bottom of said casing.

6. The hemofilter according to Claim 1, further
comprising at least one filtrate port as part of said
casing, preferably said casing includes two of said
filtrate ports positioned horizontally and opposite
one another on a vertical side of said casing.

7. The hemofilter according to Claim 1, wherein
said means for securing said plurality of hollow
fibers in said bundie includes epoxy resin headers
at each end of said bundle.

8. The hemofilier according to Claim 1, wherein
said bundie of hollow fibers has a substantially
hexagonal shape in vertical cross-sectional and a
substan tially circular shape in horizontal cross-
section, whereby preferably said bundle of said
hollow fibers has a diameter of approximately
12.7cm.

9. The hemofilter according to Claim 1, wherein
said hollow fibers of said bundie have heparin
chemically bound thereto.

10. The hemofilter according to Claim 1,
wherein total width of said bundie of said plurality
of hollow fibers is greater than the length of said
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bundle plurality of hollow fibers.
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